We describe the cloning, sequencing and pattern of transcript distribution during embryogenesis of a zebrafish Id homologue that we have called Id6. Transcription of the gene is spatially regulated, and its pattern of transcription shows considerable overlaps with those of other zebrafish genes with homology to Drosophila neurogenic genes, such as Notch and Delta. Since all these genes are coexpressed in particular cells, they may function together in a single genetic circuit in zebrafish as they do in Drosophila. A zebrafish homologue of Drosophila AS-C proteins can activate transcription of a CAT reporter gene by binding to an E-box in mouse 3T3 cells, either alone or in conjunction with ZfE12. The activation of transcription is inhibited in the presence of Id6. This indicates that the zebrafish gene described here is a genuine member of the Id family, and suggests that it may serve a function similar to that of the Drosophila gene emc and mammalian Ids during development.
Introduction
Basic helix-loop-helix proteins form a family of transcriptional regulators which heterodimerize with each other through their HLH regions and bind to DNA via their basic regions (Murre et al., 1989) . Genes of the Idfamily, on the other hand, encode HLH proteins which lack a basic region and thus cannot bind to DNA (Benezra et al., 1990; Ellis et al., 1990; Garrell and Modolell, 1990) . It is thought that these two classes of protein regulate cellular differentiation states by interacting with each other.
Three kinds of bHLH proteins have been described so far: (i) E proteins, such as DAUGHTERLESS (Caudy et al., 1988) , E2A < E12/FA7 > (Murre et al., 1989) , E2-2 (Henthorn et al., 1990) , and HEB (Hu et al., 1992; Nielsen et al., 1992) , which are ubiquitously expressed; (ii) tissuespecific proteins, such as those encoded by the members of the achaete-scute complex of Drosophila (for review see Campuzano and Modolell, 1992) , tal-l/SCL (Begley et * Corresponding author. Tel.: +49 221 4702486; fax: +49 221 4705164; e-mail: jcampos @ biolan.uni-koeln.de ~ Present address: Skirball Institute, NYU Medical Center, 540 First avenue, New York, NY 10016, USA. al., 1989; Chen et al., 1990) , MyoD (Tapscott et al., 1988) and Mash (Johnson et al., 1990) ; and (iii) proline-bHLH-WRPW proteins such as the Hairy-E(spl) group (Kl~abt et al., 1989; Rushlow et al., 1989; Delidakis and ArtavanisTsakonas, 1992; Knust et al., 1992) , HER (v. Weizsiicker, 1994; Mtiller et al., 1996) and HES (Sasai et al., 1992) , which have a proline residue in their basic region and a WRPW motif at the carboxy-terminal end. E :proteins are universal bHLH proteins which can homodimerize with each other in one cell lineage and heterodimerize with tissue-specific bHLH proteins in another (Murre et al., 1989; Lassar et al., 1991; Shen and Kadesch, 1995) . Both types of dimer bind to a consensus sequence called the E-box (CANNTG) and activate specific sets of downstream genes (Murre et al., 1989) . Some proline-bHLH-WRPW proteins are known to serve as repressors, both in Drosophila and in mammals, either by binding to another sequence called N-box (Sasai et al., 1992; Tietze et al., 1992; Oellers et al., 1994) or by protein-protein interactions (Nakao and Campos-Ortega, 1996) . However, the prolinebHLH-WRPW proteins become functional only when they form complexes with members of the Groucho protein family (Paroush et al., 1994; Fisher et al., 1996; Grbavec and Stifani, 1996) .
Id proteins antagonize the function of both E and tissuespecific bHLH proteins by binding to their HLH domains. In this manner, they prevent tissue-specific bHLH proteins from binding to their partners, the E proteins (Benezra et al., 1990) . Based on their expression pattern and studies on the constitutive expression and specific targeting of genes encoding bHLH proteins, bHLH proteins are thought to be involved in cell determination and in fixing differentiation states (Jan and Jan, 1993) . Conversely, it is assumed that Id is involved in maintenance of the proliferating and/or undifferentiated state of cells (Benezra e~ al., 1990) . In fact, Id genes are highly expressed in actively growing cells and their expression is down-regulated in growth-arrested cells in culture (Christy et al., 1991; Barone et al., 1994; Hara et al., 1994; Nagata and Todokoro, 1994) . Antisense inhibition of Id expression prevents serum-deprived, arrested cells from re-entering the cell cycle (Barone et al., 1994) . Conversely, constitutive expression of Id proteins inhibits the differentiation of some cell types (Jen et al., 1992; Kreider et al., 1992; Shoji et al., 1994; Sun, 1994) . These results suggest that Id expression is necessary to maintain the proliferating and undifferentiated state of cultured cells. Generally, in embryos at early stages, Id genes are highly expressed in the actively growing tissues, and are downregulated in fully differentiated cells (Duncan et al., 1992; Wang et al., 1992; Evans and O'Brien, 1993; Neuman et al., 1993; Riechmann et al., 1994; Ellmeier and Weith, 1995; Riechmann and Sablitzky, 1995; Jen et al., 1996) . For example, in the spinal cord of mouse embryos, Id genes are highly expressed in the ventricular region, where undifferentiated neural cells are proliferating actively (Duncan et al., 1992; Neuman et al., 1993; Ellmeier and Weith, 1995) . Id2 is expressed even after cell growth stops in some conditions (Nagata and Todokoro, 1994; Ishiguro et al., 1996) , but its function may be regulated by protein modifications such as phosphorylation (Nagata and Todokoro, 1994) . Thus, Id proteins are suggested to be crucial for continued active growth of undifferentiated cells during development. It is, however, not known whether the function proposed for Id in cultures also holds true during normal development.
The only evidence for the in vivo function of Id proteins derives from the analysis of extramacrochaetae (emc), a Drosophila gene that encodes an Id homologue. In the process of sensory organ formation in Drosophila, proneural genes are expressed in so-called proneural clusters; in each cluster the cell with the highest expression level differentiates into a sensory organ progenitor cell (SOP) (for reviews see Simpson and Carteret, 1990 and Campos-Ortega, 1993) . This cell then prevents the other cells of the cluster from becoming SOPs by lateral inhibition, mediated by the membrane proteins DELTA and NOTCH. The SOP maintains the high level of proneural gene expression for some time while the other cells gradually cease expression (Cubas et al., 1991) . emc mutant flies have additional ectopic bristles and emc and achaete mutations interact genetically, suggesting that EMC functions antagonistically to the proneural bHLH proteins during this process (Botas et al., 1982) . Moreover, since AS-C expression is enhanced in emc mutants, EMC is thought to be a negative regulator of the auto-activation of AS-C expression (Cubas et al., 1991; Van Doren et al., 1992) . Thus, EMC has been suggested to refine the positions where SOP arise by regulating the AS-C level (Campuzano and Modolell, 1992; Cubas et al., 1991; Van Doren et al., 1992) , although the precise mechanism is not yet completely understood at the molecular level.
As a first step towards clarifying the functions of bHLH and HLH proteins involved in zebrafish neurogenesis, we have isolated a zebrafish homologue of Id. Its predicted protein sequence has high similarity to vertebrate Ids and Drosophila EMC in the HLH domain, but the similarity outside the HLH domain is lower. Since five members of the Id family have been isolated in vertebrates so far (Lau and Nathans, 1987; Benezra et al., 1990; Sun et al., 1991; Riechmann et al., 1994; Wilson and Mohun, 1995; Zhang et al., 1995) , we have designated the present zebrafish homologue as Id6. Id6 expression was examined in young embryos using whole-mount in situ hybridization. We describe here the detailed expression pattern, focusing on neurogenesis. We also show that, like other vertebrate homologues, the zebrafish Id6 antagonizes bHLH heterodimer function in vitro.
Results

The isolation of zebrafish Id6
Using conserved sequences to design primers, we performed PCR amplifications to isolate zebrafish homologues of the mammalian Id genes. Although we used cDNA libraries from different embryonic stages, fragments of the same size were amplified from all of them (data not shown). We cloned and sequenced multiple fragments but only a single sequence was found. Using the fragment obtained, we screened cDNA libraries and obtained 16 clones. By restriction mapping and partial sequencing, all were found to be derived from a single gene. We used the longest clone, of about 1 kb (c6) for further analyses.
The nucleotide sequence of c6 revealed a long open reading frame of 384 nucleotides (Fig. 1A) and the four amino acids encoded following the first methionine residue have a significant homology to the N-terminal sequence of mammalian members of the Id family (Fig. 1) . On this basis we assume that this methionine is the start codon. The deduced amino acid sequence of the putative HLH region showed high similarity to the corresponding region of mammalian Id proteins, however, outside the HLH region only partial similarity was observed to each of the members of the Id family (Fig. 1B) . Since the translation product of c6 has no basic region adjacent to the HLH domain, the protein encoded by the c6 clone belongs to the Id family. We called this protein Id6 because it encodes the sixth known member
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].,_oop (Lau and Nathans, 1987; Benezra et al., 1990; Sun et al., 1991; Riechmann and Sablitzky, 1995) and Xenopus Idx (Wilson and Mohun, 1995) . Light and dark shaded letters indicate similar and identical amino acids, respectively. of the family isolated from a vertebrate. We sequenced another clone, c 1, and found that it encodes the same peptide as c6. To examine the relationship between Id6 and its mammalian relatives, we compared its primary structure to that of mouse Ids (Table 1) . Idl shows the highest identity to Id6 in all parts of the protein but the overall identity is relatively low (77% in the HLH domain and 37.8% in the remaining regions) (see Section 3).
The embryonic expression of zebrafish ld
defined expression domains become visible on either side of the midline within the epiblast, i.e. a group of cells (numbered 1 in Figs. 3-5) in the middle of the epiblast, an oblique group further anterior (numbered 2), and a stripe further lateral to the cell groups, which corresponds to the lateral stripe described further below (Is) (4) (5) . Their persistence during later stages permits one to recognize that domain 1 is located in the anlage of the metencephalon and that domain 2 is located in the mesencephalon. At the tail-bud and early stages of somitogenesis, expression domains in the brain and brain stem primordia are strikingly similar to those of Id6 found in Notch (Bierkamp and Campos-Ortega, 1993) , groucho (Wiilbeck and Campos-Ortega, 1997 ), E(spl) (v. Weizs~icker, 1994) and Delta (deltaD, Dornseifer et al. 1997 ) homologues (Fig. 5A-C) . We first examined zebrafish Id expression by Northern hybridization (Fig. 2) . There is a low maternal contribution which appears to be exhausted within 3 h after fertilization. Zygotic expression starts at the sphere stage (4 h) and remains nearly constant during subsequent embryonic stages. The length of the detected transcript is about 1 kb, suggesting that the c6 cDNA almost corresponds to the fulllength mRNA.
We next examined the tissue specificity of zebrafish Id transcription by in situ hybridization using digoxigeninlabelled probes on embryonic whole-mounts from 0-36 hpf (Fig. 3) . No transcripts were detected by in situ hybridization before approximately 35% epiboly (not shown). Expression at these early stages is essentially ubiquitous, although a higher concentration of RNA can be distinguished at the embryonic shield region (Fig. 3A,B) . At about 60% epiboly, transcript density decreases in the axial mesodermal region, but relatively high levels still persist in isolated cell groups in the axial region and more abundantly in zones immediately adjacent to the axial mesoderm and in the marginal zone (Fig. 3C) . Strong hybridization signals can be detected in the paraxial mesoderm at the end of gastrulation (Fig. 3D,E) . This pattern, i.e. expression at the borders of the axial mesoderm and in the paraxial mesoderrn, remains unchanged until the end of gastrulation. At the tail-bud stage, a complex pattern of transcript distribution becomes established, which remains essentially unchanged during the period of embryogenesis covered in our study (Figs. 3 and 4) . within brain and brain stem anlagen (Figs. 4A-F, 5A) ; two of these zones are located at the level of the prosencephalon (3 and 4 in Figs. 4-6) , and on the basis of their similarity to the Notch, deltaD and grouchol patterns, the other three zones are probably located in the prirnordia of mesencephaIon and metencephalon (1, 2 and 5 in Figs. 4-6 ). The prosencephalic domains comprise, on one hand, a strip of cells in the shape of an arch, which apparently delimits the prosencephalic neural primordium anteriorly and laterally (4 in Figs. 4-6) , and on the other hand, a medial, broad domain (3 in Figs. 4-6) . Two other, rather oblique domains, which eventually become transversally oriented and fused at the midline, can also be clearly distinguished (2 in Figs. 4-6) . On the basis of position and similarity to the grouchol pattern, domain 2 is most probably located in the mesencephalon. Domain 1 is visible from the tail-bud stage on, starting as a bilateral cell group in the neural plate (Figs. 3D,E, 4A,B), changing to a transversally oriented domain in the rhombencephalon, perhaps corresponding to one of the rhombomeres (Figs. 4C-F, 6B ). The fifth expression domain (domain 5) is visible from the 1-2-somite stage on in more anterior and medial levels of the rhombencephalon (Figs. 4B-E, 5, 6A).
The similarity to the expression patterns of the other neurogenic gene homologues within the neural plate extends to the level of the trunk. In addition to the expression domains in the brain stem primordia, described above, Id6 is weakly expressed in three stripes within each side of the neural plate, each about 2-3 cells wide, one medial and two lateral (Figs. 4B,C, 5A ). Similar longitudinal stripes of neural plate cells have been detected in the trunk region with probes for zebrafish Notch (Bierkamp and Campos-Ortega, 1993) , groucho (Wfilbeck and Campos-Ortega, 1997 ), E(spl) (v. Weizs/icker, 1994) and deltaD (Dornseifer et al., 1997) . One of the stripes, which we have called intermediate (Dornseifer et al., 1997) , is restricted to the rhombencephalic region and is a continuation towards caudal levels of domain 1; the second is a little more lateral and most probably corresponds to the boundary of the neural plate (Is), whereas the third stripe is medial and fused to the medial stripe of the other side (ms, Figs. 4 and 5 ). In the case of deltaD, the lateral and the medial stripes have been found to contain the expression domains of islet-1 (Dornseifer et al., 1997) , i.e. the so-called primary sensory neurons (RohonBeard cells) and primary motoneurons (Korzh et al., 1993) . Hence, we assume that the ld6 stripes also contain the primary sensory and motor neurons. Expression persists within these regions during neurulation.
High levels of expression continue to be detectable during later stages at the tip of the forebrain, as well as at the midbrain-hindbrain boundary and various regions of the rhombencephalon (Fig. 6B,C) . However, no attempt has been made to precisely diagnose these regions. Within the spinal cord, strong expression becomes restricted to the ventral region and the floor plate (Fig. 6E) . During late stages, a clear correlation can be seen between regions of intense proliferative activity, such as the ventricular zone, and high Id6 expression. There is also weak transcriptional activity in the anlage of the trigeminai ganglion.
During somitogenesis, high levels ofld6 transcription can be detected in the tail-bud (Fig. 4A-F) . The axial mesoderm is devoid of Id6 transcripts in the neighbourhood of the tailbud; however, as it differentiates, the notochord expresses increasingly higher levels of transcript (Figs. 4-6 ). There is a diffuse accumulation of Id6 RNA in the presomitic and, more abundantly, in the paraxial mesoderm throughout somitogenesis. All somites were found to contain Id6 RNA during the period covered in our analysis (Figs. 4  and 6 ).
Inhibition of ZfE12 transcriptional activation by ld6
To examine the functional activity of Id6, we attempted to verify whether it is similar to that of its mammalian homologues. We therefore tested whether it can inhibit transcriptional activation mediated by ZfE12 (Wfilbeck et al., 1994) and/or Zash 1/b (Allende and Weinberg, 1994) , zebrafish homologues of the mammalian E2A and Mash family proteins, respectively. For this purpose, a transient expression assay in NIH3T3 cells was employed. Since the intrinsic target DNA-binding sequence of Zash proteins is not known (Johnson et al., 1992) , we assumed that they can bind to E-boxes, the general target sequence for bHLH proteins, and used 4RtkCAT containing four copies of a synthetic E-box (Weintraub et al., 1990 ) as a reporter construct (Fig. 7) . The same results were obtained when another reporter IgHE-CAT with four copies of IgH enhancer region (Ruezinsky et al., 1991) was used as a reporter (data not shown).
Zash l/b itself activated the CAT reporter 4RtkCAT construct when introduced into NIH3T3 cells, and coexpression of ZfE12 enhanced the Zash 1/b activity by approximately four-fold. When zebrafish Id6 was expressed together with Zash 1/b or with Zash 1/b and ZfE12, transcriptional activation as measured by CAT expression was suppressed, as expected from the inhibitory effects of mammalian Id proteins on bHLH proteins of the E class. On increasing the amount of Id6-encoding plasmid, the degree of inhibition by Id6 increased gradually. When a four-fold increase of Id6 DNA over Zash 1/b or Zash 1/b and ZfE12 DNAwas added to the assay, the CAT expression decreased by approximately four-fold. These data suggest that Id6 suppresses the transcriptional activation mediated by heterodimers of Zash 1/b and ZfE12 in a dose-dependent manner.
Discussion
Isolation of a zebrafish homologue of Id
We describe here the isolation of Id6, a zebrafish Id 3 4 homologue. The HLH protein it encodes exhibits a high degree of sequence identity with members of the vertebrate Id family, albeit only within the HLH domain. Since this protein lacks a basic region, we conclude that it is a zebrafish member of the Id family. So far five different members of the Id family have been isolated in vertebrates (Benezra et al., 1990; Sun et al., 1991; Riechmann et al., 1994; Wilson and Mohun, 1995; Zhang et al., 1995) . Southern hybridization to zebrafish DNA under low stringency using the isolated clone detects multiple bands (unpublished observations), suggesting that other Id homologues may exist in the zebrafish genome. Four of the mammalian Ids (Idl, Id2, Id3 and Id4) are strongly conserved in the HLH region but only poorly in other portions. Xenopus Idx is very similar to mammalian Id3 but analysis by means of the Philip program suggests that it may have diverged from Id3 earlier than Xenopus diverged from other vertebrates (Wilson and Mohun, 1995) . On this basis, Xldx was regarded as a new member of the Id family (Wilson and Mohun, 1995) . Although the zebra:fish Id homologue that we describe here shows a high degree of sequence conservation in the HLH region, regions other than the HLH domain are only partially conserved, The amino acid sequences of Id6 and Idl, which is the closest relative of Id6, are 77.3% identical in the HLH domain, 37.8% in other regions and 49.0% on average (Table 1) . In contrast, for example, in the case of Mash-1 and its zebrafish homologue Zash I/a, the degree of identity is 98% in bHLH, 66.1% in other regions and 73.0% overall, which are significantly higher values than those of the Idl and Id6 comparison. Therefore, the data suggest that Id6 is a new member of the Id family. It remains open whether a counterpart of this protein exists in other vertebrates.
is most probably due to the lower sensitivity of the latter procedure as compared to Northern hybridization. Transcripts became detectable at early gastrula stages, and the transcription pattern became clear spatial regulation by midgastrulation. During the time encompassed by our analysis, Id6 was transcribed in a complex pattern which, however, allowed the various transcriptional domains during morphogenesis to be followed. A striking feature of this pattern is the high degree of overlap with the pattern of distribution of transcripts of other genes with whose products Id6 is assumed to interact, for example, the products of zebrafish achaete-scute and daughterless homologues. The transcriptional domains of both Id6 (this work) and those of the achaete-scute homologues Zash 1/a and Zash 1/b (Allende and Weinberg, 1994) are included within the domains of transcription of the daughterless homologue ZfE12 (Wtilbeck et al., 1994) . Therefore, an interaction in vivo between the products of these three genes in zebrafish is certainly possible. Most striking is the similarity with the pattern of transcription of genes homologous to those which in Drosophila are known to be involved in selecting individual ceils from equivalence groups, i.e. the so-called neurogenic genes, such as zebrafish Notch (Bierkamp and CamposOrtega, 1993) , groucho (Wiilbeck and Campos-Ortega, 1997), E(spl) (v. Weizs/icker, 1994) and Delta (Dornseifer et al., 1997) . Thus, overlaps are in the domains in the prosencephalon and the brain stem primordia, as well as the longitudinal stripes of transcript-containing cells observed in the neural plate. Again in this case the coexpression of all these genes in particular cells provides suggestive evidence for their participation in common functions.
Id6 can suppress the activity of bHLH heterodimers
Expression of Id6 during embryonic development
Northern analysis showed that Id6 is expressed in the oocyte and that zygotic expression starts just after the midblastula transition (Kane and Kimmel, 1993) . After this stage the expression level is high, at least during the embryonic period that we examined in our study. In situ hybridization failed to detect maternal transcripts, which Proteins of the Id-family have been shown to bind to EbHLH proteins such as DAUGHTERLESS, E2A, E2-2 and HEB, and to suppress their function as transcriptional activators by sequestering them from their binding partners, the tissue-specific bHLH proteins (Benezra et al., 1990; Van Doren et al., 1991; Loveys et al., 1996) . To determine whether Id6 has a similar function, we tested to what extent it can inhibit the transcriptional activation by Zash 1/b and Fig. 3 . In situ hybridization with digoxigenin-labelled ld6 probes to whole-mount embryos. (A) (35% epiboly) showing abundant diffusely distributed transcripts (yo, yolk). In (B) (60% epiboly) transcripts start accumulating in the marginal zone (mz) and the embryonic shield (es), their density decreasing within the animal pole of the embryo. (C) and (D) are embryos at 75-85% epiboly, showing that transcription ceases in the axial mesoderm (am) but persists in the marginal zone. (D) is an embryo at 95% epiboly, to show the absence of transcripts within the axial mesoderm (am, arrow) and the appearance of domain 1 as a bilateral spot within the anlage of the neural plate. Domain 2 becomes apparent at the top in this embryo. (E) (100% epiboly) and (F) (tail-bud stage) show posterior views to illustrate the increased transcriptional activity in the paraxial mesoderm and the notochord (not), as well as in the lateral stripe (Is). tb, tail-bud anterior is to the top. (tb, tail-bud) and mesodermal derivatives (not, notochord; so, somites), and the different expression domains in the brain anlagen, numbered 1-5, the three longitudinal stripes in the neural plate (is, Is and ms). The intermediate stripe is weakly labelled; the medial stripe is masked by the underlying notochord labelling, ey, developing eye; fb, forebrain; fp, floor plate. Refer to text for further details. Anterior in all figures is to the top.
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ZfE12 using a transient assay in NIH3T3 cells. We found that Id6 can indeed suppress the activation of transcription mediated by ZfE12 with and without Zash l/b, in a dosedependent manner. This dose-dependent suppression is characteristic for Id proteins (Van Doren et al., 1992) , and is not seen with other suppressor proteins such as Twist (Spicer et al., 1996) .
Zash 1/b activated the reporter gene even without exogenous ZfE12 in NIH3T3 cells probably because it can utilize the mouse endogenous E2A proteins as partners. When Id6 was transfected only with Zash l/b, it suppressed reporter gene activity, suggesting that Id6 can bind to mouse E2A proteins and suppress their activity. Although the possibility cannot be excluded that Id6 suppresses reporter gene activity through binding to Zash 1/b proteins, the binding between Id and tissue-specific bHLH proteins has not yet been clearly established (Loveys et al., 1996) .
Experimental procedures
Cloning of Id6
Degenerate primers, C/TTIAAA/GGAIC/TTIGTICC and CAA/GCAT/CGTIATIGAT/CTAT/C, which correspond to amino acid sequences LKD/ELVP and YDIVHQ, respectively, were used for PCR, using inosine in positions where complete degeneracy was required. The conditions for PCR were 94°C for 1 min, 53°C for 45 s and 72°C for 30 s (40 cycles). Amplified fragments were cloned into Sinai site of pBSII (Stratagene) and sequenced. An embryonic cDNA library was screened with the cloned fragment; 16 clones were isolated and the cDNAs were recovered by in vivo excision.
Expression analyses
Eggs (200-300) were collected at various stages and RNAs were extracted from them according to the acidphenol method (Chomczynski and Sacchi, 1987) with the following modifications. The guanidinium solution (4 M guanidinium isothiocyanate, 20 mM sodium acetate (pH 5.2), 0.1 mM DTT and 0.5% Sarkosyl) was used in place of solution D. After the first isopropanol precipitation, RNA was purified by several extractions with phenol/chloroform (pH 8.0) and reprecipitated with isopropanol. Northern hybridization was as previously described (Sawai et al., 1990) . Whole-mount in situ hybridization was done according to Bierkamp and Campos-Ortega (1993) . The clone c6 was used as probe for both analyses.
Plasmids
To express the zebrafish genes in NIH3T3 cells, a BssHII(filled-in)-SalI fragment of pZfE12, BamHI-SphI fragment of pZash 1/b and BamHI-HinclI fragment of c6, all encompassing the respective coding regions, were cloned into the EcoR V-XhoI sites, BamHI-SphI and BamHI-EcoR V sites, respectively, of pcDNAI (InVitrogen) and named CMV-ZfE12, CMV-Zash 1/b and CMV-Id6.
Cell culture
Transfection was basically done using the BES-CaC12 method (Chen and Okayama, 1987) . A total of 9 /xg of DNA was applied to the NIH3T3 cells and after 20 h cells were washed three times with HBSS. After the final washing, DMEM with 10% FCS was added and after 24 h the media were changed to differentiation media (DMEM with 2% horse serum and 5 mg/ml holo-transferrin (Sigma)). Some 48 h later, the cells were recovered and processed (C) . Notice the similarity in the expression patterns of all three genes. All expression domains in the brain and brain stem anlagen (1-5), as well as the longitudinal stripes in the trunk region (is, Is and ms), can be visualized with all three probes. Notice that the intermediate stripe (is) and the lateral stripe (Is) are discontinuous. Fig. 4(B,E) , to iUustrate details of the expression domains in the brain stem primordia. (C) is a dorsal view of a 30 h old embryo; it shows abundant transcripts within the brain stem primordia. Notice that the density of transcripts is particularly high at the ventricular or apical side (arrows). ey, eye; ov, otic vesicle; rh, rhombeneephalon; tec, tectum optieum. (D) (10-somite stage) shows strong labelling in the somites (so) and notochord (not). rE) (12-somite stage) shows that transcript density is lower within the somites. Transcripts are abundant in the floor plate (fp) and the adaxial mesoderm. Anterior is to the top in all figures.
for CAT assay using a CAT ELISA kit (Boehringer). A/3-gal expression vector, MiwZ (Suemori et al., 1990) , was included in every transfection and the CAT expression levels obtained were standardized with reference to/3-galactosidase levels, which were measured using a/3-Gal ELISA kit (Boehringer). Each CAT experiment was done in duplicate and at least three independent experiments were carded out with each construct.
